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\h\tract : The problem of the resistance of quasi one-dimcnMonal ( ID) 1»/ites is studied at icmperaiuics low enough to preclude phonons 
1 OLulization becomes conspicuous at such temperatures. We have considered the tikelastic scattering due to two level systems or tunneling stales, which 
IS tlominanl at low temperatures. The present study demonstrates that ID localization is very sensitive to the ficqiiency of inelastic scattering events 
Ihis calls for new experiments to investigate certain finer aspects of the ID transport The present study is also exi>ccied to be relevant in connection 
u i ih  the current discu.ssion on the saturation of the intrinsic decohcrencc time at ultra low temperatures in mesoscopic .systems.
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I. In tro d u c tio n
na.ssically, a th in  w ire  o f  le n g th  L o b e y s  O hm .s law  a n d  th e  
ic.sistancc R is e x p e c te d  is  d e c re a s e  w ith  th e  lo w e r in g  o f  th e  
k iiipcralurc. B ut th e  re s is ta n c e  o f  w ire s  m a d e  o f  n o n -c ry s ta llin e  
materials is  f o u n d  to  d e p e n d  d i f f e r e n t ly  o n  t e m p e r a lu r c ,  
specially w h e n  th e  ic m p c ra lu re  is  v e ry  low . In itia lly , th e re  is a  
concom itan t d ecrea .se  o f  V? w ith  te m p e ra tu re  b u t b e lo w  a  c e rta in  
icmpcralure an  in c re a se  o f  R is o b s e rv e d  [ 1 ]. S e v e ra l th e o re tic a l 
approaches h a v e  b e e n  p u t fo r th , th o u g h  n o t fu lly  c o n c lu s iv e , 
10 explain th e  m ic ro s c o p ic  o rg in  o f  th e  in c re a se  o f  re s is ta n c e  
winch b e c o m e s  s p e c ta c u la r  b e lo w  12K  [2 ,3 ] . A lso , th e  sc a lin g  
iheory an d  th e  d if fu s iv e  n a tu re  o f  th e  e le c tro n s ' m o tio n  in  th e  
prc.scnce o f  d is o rd e r  s u g g e s t  th a t th e  r e s is ta n c e  sh o u ld  be  e ith e r  
a lo g arith m ic  o r  e x p o n e n tia l  fu n c t io n  o f  le n g th  d e p e n d in g  on  
w hether th e  s y s te m  is  2 D  o r  I D  [4 ].
O ne o f  th e  th e o re t ic a l  a p p ro a c h e s  w a s  d u e  to  T h o u lc s s  [2] 
and w as b a s e d  o n  th e  lo c a l iz a t io n  th e o r y  o f  th e  e le c tr o n s  
according to  w h ic h  th e  e x te n t  to  w h ic h  th e  e le c tro n  is lo c a l iz e d  
depends o n  th e  s t re n g th  o f  th e  d is o rd e r  a n d  th e  d im e n s io n a li ty  
of the sy s te m . T h o u le s s  w a n te d  to  k n o w  w h e th e r  th e  re su lt o f  
com plete lo c a liz a t io n  in  o n e  d im e n s io n  w o u ld  a ls o  h o ld  g o o d
q u asi o n e -  d im e n s io n a l  w ire s  w h ic h  a re  a c tu a lly  re a l is e d  in  
the la b o ra to ry . C o n s id e r in g  th e  d i f f u s iv e  b e h a v io u r  o f  th e  
electron w a v e  p a c k e t ,  h e  c o u ld  a r r iv e  a t  a n  e x p re s s io n  fo r  th e  
increm ent in  re s is ta n c e  d u e  to  lo c a l iz a t io n  b e lie v in g  th a t th e
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le d u c lio n  in  ic m p c ra lu re  w ill e n h a n c e  th e  in e la s tic  c o llis io n  lim e 
r ,  w ith  p h o n o n s  th e re b y  e n a b lin g  th e  e le c tro n s  to  trav e l o v e r  
d is ta n c e s  o f  th e  o rd e r  o f  lo c a l iz a t io n  le n g th . T h is  c o n te n tio n  
Wcis h o w e v e r  n o i b o rn e  o u t by  e x p e r im e n ts  [5-81 w h ic h  sh o w ed  
c o n s id e ra b ly  le ss  e f fe c t o f  lo c a l iz a t io n . T h is  c o u ld  im p ly  tha t 
th e  in e la s t ic  sc a t te r in g  tim e  w a s  le s se r  th a n  th a t e x p e c te d  by 
I 'iio u lcss . B lack  etaL [9 | at th is  M age re a lise d  th e  im p o rta n c e  o f  
in e la s t ic  .sca tte r in g  f ro m  tu n n e l in g  s la te s  (T S )  o r  tw o -Ic v e l 
s y s te m s  [ 1 0 ] a n d  su g g e s te d  th a t it re d u c e s  th e  sc a tte r in g  tim e  
r ,  a n d  th e re fo re  a ls o  th e  e ffe c t o f  lo c a liz a tio n  c o n s id e ra b ly . 
A lth o u g h  th e  m ic ro sc o p ic  o r ig in  o f  th e  tu n n e lin g  .stales is n o t 
k n o w n  a s  y e t, th e  h y p o th e s is  h a s  h e lp e d  in e x p la in in g  m an y  o f  
th e  lo w  te m p e ra tu re  a n o m a lie s  in  g la s se s .
T h e  o th e r  th e o re tic a l a p p ro a c h  tre a tin g  th e  d iso rd e re d  I^crmi 
liq u id  p ro b le m  by  p e r tu rb a tio n  th e o ry  to  th e  lo w e s t o rd e r  in  
in te ra c t io n  s tre n g th  d e v e lo p e d  b y  A lts h u le r  et al{3\ a lso  g a v e  
th e  sa m e  d e p e n d e n c e  fo r  th e  in c re m e n t in  re s is ta n c e  o n  A an d  T 
a s  w as  se e n  in  T h o u lc s s ’s th eo ry . B u t b o th  th e  th e o r ie s  h a d  a 
d is c re p a n c y  w ith  re g a rd  to  th e  d e p e n d e n c e  o n  Phi th e  b u lk  
r e s is t iv i ty .  T h o u g h  th e r e  w e re  e x p e r im e n ta l  r e s u lts  w h ic h  
fa v o u re d  e i th e r  o f  th e s e  th e o r ie s  (5 -8 , 1 1 ] an d  so m e  w h ic h  
fa v o u re d  th e  s im u lta n e o u s  p re s e n c e  o f  b o th  o f  th e m  ( 1 2 ], th e  
lo c a liz a t io n  ih e o ry  s e e m s  to  h a v e  a n  e d g e  o v e r  th e  in te ra c tio n  
th e o ry  in  so  fa r  a s  th e  Pb d e p e n d e n c e  is c o n c e rn e d  [1 3 , 14].
We have arrived at an expression for the increment in R due 
to  lo c a liz a t io n  w h ic h  gives the c o r re c t  dependence on A, Tand 
P a  [ 14] taking into account the fact that at very low temperature
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w h e n  o th e r  ty p ic a l s o u rc e s  o f  in e la s t ic  s c a t te r in g  d im in is h e s  
th e  c o n tr ib u t io n  f ro m  T S s  p e r s is ts  a n d  b e c o m e s  th e  d o m in a n t 
s o u rc e  o f  s c a t te r in g .
2 . L o c a l i z a t io n  c o r r e c t i o n  to  r e s i s t a n c e
W e h a v e  c o n s id e re d  th e  m o v e m e n t o f  an  e le c tro n  as  an  e la s tic a lly  
d if fu s in g  n a rro w  w a v e p a c k e t  m a d e  u p  o f  b ro a d  lo c a liz e d  s ta te s  
w h ic h  d if fu s e s  a lo n g  th e  le n g th  o f  th e  w ire  u n til an  in e la s tic  
e v e n t  lik e  p h o n o n  o r  T S s  s c a t te r s  it to  a n o th e r  lo c a liz e d  s la te  
w h e re in  it s ta r ts  a g a in  fro m  th e  s c ra tc h . T h e  c o n c e p t  o f  d is o rd e r  
is  im p lic i t ly  e m b e d d e d  in  th e  f re q u e n c y  o r  p ro b a b ili ty  o f  th e  
in e la s t ic  s c a t te r in g  f ro m  th e  T S . W c h a v e  e x p re s s e d  th e  ra n g e  
o f  d if fu s io n  o f  th e  w a v e  p a c k e t  in  te rm s  o f  s te p  le n g th s  
r =  1 , 2 , 3 , a n d  is th e  in te ra to m ic  d is ta n c e  an d  rl w ith  
r  =  0 , 1 , 2 »... a n d  / is th e  k x ra liza tio n  le n g th  w h ic h  in  tu rn  d e p e n d s  
u p o n  th e  te m p e ra tu re  a n d  th e  c o n c e n tra t io n  o f  th e  T S s  p re s e n t 
in  th e  sy s te m . T lie  in e la s t ic  l i fe t im e  in  th e  tw o  re g im e s  a re  ta k e n  
as  a n d  .
In  a  q u a s i 1D  w ire  o f  le n g th  U 1^ a n d  c a n  h a v e  s(l^ ) a n d  
S(L^) n u m b e r  d is t r ib u t io n s  w h ic h  p e a k  a t d if fe re n t v a lu e s  o f  
s e g m e n t le n g th . U s in g  th e  r e s u lts  o f  th e  s c a l in g  th e o ry , th e  n e t 
d im e n s io n le s s  r e s is ta n c e  s c a le d  \n n h f  , is  ju s t  an  in c o h e re n t 
su m  w ith  s e g m e n ts  c o n tr ib u t in g  a s  r e s is ta n c e s  in  .series :
( 1 )
r=l
A t h ig h e r  T, m e ta l l ic  b e h a v io u r  se ts  in  a n d  th e  in c re m e n ta l 
r e s is ta n c e  ra t io  is
A R N
- I P r
r=l Ir / l L J t
-1 (2)
21 A - J l inh le^ ) (3)
o r  d u e  to  s c a t te r in g s  f ro m  T S s . I f  th e  in e la s t ic  e v e n ts  a re  less 
f r e q u e n t su c h  th a t  th e  w a v e p a c k e ts  c a n  d if fu s e  o v e r  distances
o f  th e  o rd e r  o f  /, th e n  ^  =  w h e re  <  r  >  is th e  coarse 
g ra in e d  a v e ra g e .
T h e  f r e q u e n c y  o f  in e la s t ic  e v e n ts  h a s  b e e n  ta k e n  c a re  o fhv  
in t ro d u c in g  th e  p ro b a b i l i ty  fo r  a  p a c k e t to  ta k e  a  .step o f  si/e  
/, th e  tr a je c to ry  o f  w h ic h  is r e p r e s e n te d  a s  ra n d o m ly  arranged  
b a r s  in  n u m b e r  a n d  a  p r o b a b i l i t y  o f  n o t  d iffusing ; 
r e p re s e n te d  b y  v e r t ic a l p a r t i t io n s  in  n u m b e r  su c h  th a t P^ ^ 
P^ =  I a n d  n^==n. T h e  c o a rs e  g ra in e d  a v e ra g e  ca n  then  be 
c a lc u la te d  a n d  th e  m o s t p ro b a b le  v a lu e s  a n d  a rc  found 
b y  m a x i m i z in g  th e  b in o m ia l  d i s t r i b u t i o n  u s in g  Stirlings 
a p p ro x im a t io n  a n d  w e  g e t ( r )  - P ^ l  P^ .
T h e  p ro b a b i l i t ie s  P^ a n d  P^ d e f in e d  in  th e  s tr ic tly  I D  m odel 
is re la te d  to  th e  p h y s ic a l d e c a y  a n d  d if fu s io n  ra te s  in th e  quasi 
ID  w ire . In  a  th in  w ire , th e  d if fu s in g  p a c k e ts  c a n  b e  tak en  as 
u n if o r m  in  th e  t r a n s v e r s e  d i r e c t i o n  w h i le  d i f f u s in g  "onc- 
d im e n s io n a lly ” a t a  ra te  D/l^ a lo n g  th e  w ire  an d  th e  ID  diffu.siun 
p ro b a b ili ty  P^ th e n  d e p e n d s  d ire c tly  o n  it. S in c e  th e re  a rc  A / 
c h a in s  o f  s ta te s  a c ro s s  th e  w ire , th e  d e c a y  in  a n y  o n e  o f  them 
w ill c a u se  in c o h e re n c e  in  th e  o v e ra ll c o m b in a tio n  a n d  hen ce  ilu 
ra te  p e r  c h a in  is to  b e  re la te d  to  th e  1D  p ro b a b ili ty  P  ^ . T h en , wc 
g e l / C / / '<  ={2 D!  a n d  f in a lly
AR^I  Rq = ap lD x^ t‘4)
w h e re  w c  h a v e  d e f in e d  )/^ I a n d  S(L , .)Lr! P^ \
a s  th e  f r a c tio n a l c o n tr ib u t io n s  o f  th e  tw o  p a th  le n g th s  to  th e
to ta l le n g th , w ith  s ( l - a )  +  a  =  l .  O n  an
a v e ra g e , w c  w ill a lw a y s  la k e  <l  s in c e  th e  p ro b a b ili ty  fo r 
u n d e rg o in g  v a r ia b lc - ra n g c -h o p p in g  is e x ix )n e n tia lly  sm a lle r  th an  
th a t fo r  f in d in g  a n  in e la s t ic  sc a ttc rc r . E a c h  t e n n  in  (5 )  d o m in a te s  
s e p a ra te ly  in  o n e  o f  th e  re g im e s  d e s c r ib e d  a b o v e .
3* Short and long step regimes
T tic  lo c a l iz a t io n  c o r r e c t io n  f ro m  th e  p a c k e ts  th a t a re  a b le  to  
d if fu s e  o v e r  s h o r t  d is ta n c e s  w e ll w ith in  th e  lo c a liz a t io n  le n g th  / 
d u e  to  f r e q u e n t  s c a t te r in g s  f ro m  th e  T S s  is
T h e  e n e rg y  w id th  o f  e a c h  lo c a l iz e d  s la te  w h ic h  m a k e  up ilic 
p a c k e t w ill a f f e c t  th e  in t r in s ic  e n e rg y  w id th  o f  th e  p a c k e t anJ 
c o n s e q u e n t ly  its  in t r in s ic  in c o h e r e n c e  lim e . S in c e  th e  d e ta ils  ol 
h o w  a p a c k e t  is c o n s t ru c tr e d  in  n o t k n o w n , w e  h a v e  considered 
a  ty p ic a l d if fu s io n  p a th  le n g th  a n d  w o rk e d  b a c k w a rd s  to  relate 
r ^ ( T , )  to  h/  Tf.
A  fre e  w a v e p a c k e t  n a r ro w s  in e n e rg y  s p a c e  as  it IraveN 
su c h  th a t A E ^ f iK  l{x{t)), W c assume th a t  fo r  an  clasiicall>  
d if fu s in g  w a v e  p a c k e t  a ls o  th e  s a m e  re la t io n  h o ld s . S in ce  the 
lo c a l iz e d  s ta le s  d e c a y  in  T /, th e  in t r in s ic  e n e rg y  w id th  o l the 
p a c k e t  s h o u ld  b e  h / r ^  ^  tiK /  ^IDTf  . T h e  c o n s t a n t  K i"' 
e s tim a te d  b y  con .sidering  a  n a rro w  p a c k e t o f  s ize  -  a^  ^an d  intrin.sic 
w id th  h/tQ  w h ic h  doc.s n o t n a rro w  in its  .short life  tim e  r^ y ( u - ) 
h f Xo ' ^ hKf  yjlDtQ a n d  w e  g e t • T lic rc fo rc
AR^
Rr.
p I D j r P c ^ l [ 7 r h l e ^ f . <5)
T h is  r e s u lt  is  th e  s a m e  a s  th a t  o f  T h o u le s s  b u t  is  d e r iv e d  
h e re  m o r e  d ir e c t ly  f r o m  th e  e x p o n e n tia l  le n g th  d e p e n d e n t  of R. 
c a n  b e  sm a ll  e i th e r  d u e  to  f r e q u e n t  s c a t te r in g s  f ro m  p h o n o n s
T h u s ,  w e  g e t  a g r e e m e n t  w ith  the
e x p e r im e n ta l  re s u lts .  U s in g  th e  p a ra m e te r s  o f  [ 8 ), o n e  fiml'’ 
A R ^ / R q = 4 x 1 0 ” ‘  a s  c o m p a r e d  to  th e  e x p e r im e n ta l  value 
-  2 X l ( H .  T h o u le s s ' r e s u lt  w a s  fo u n d  to  b e  a n o m a lo u s ly  large 
[8 .1 5 ) .
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4. Saturation of decoherence time
C o n tra r y  t o  t h a t  e x p e c t e d  f r o m  th e o r y  th e  t e m p e r a t u r e  
d e p e n d e n c e  o f  th e  p h a s e  d e c o h e r e n c e  t im e  in  m e s o s c o p ic  
d iso rdered  s y s te m s  is  fo u n d  to  s a tu ra te  a t a  c e r ta in  v a lu e  d e c id e d  
b y  th e  sy s te m  c h a ra c te r i s t ic s  [1 6 ] . T h o u g h  so m e  a u th o rs  (se e  
M ohan ty  etal,  in  [1 6 ] )  h a v e  a t t r ib u te d  th e  s a tu ra tio n  to  b e  d u e  
10 th e  z e ro  p o in t  f lu c tu a t io n s  o f  e i th e r  th e  e le c tro n s  o r  th e  
im p u ritie s , th e s e  v ie w s  h a v e  b e e n  re fu te d . T h e  p e rs is ta n c e  o f  
TSs a t u l i r a lo w  te m p e r a tu r e s  a n d  th e  c h a n g e  o f  n a tu r e  o f  
tu n n e l in g  f r o m  c o h e r e n t  to  i n c o h e r e n t  w i th  d e c r e a s in g  
tem p era tu re  [1 7 ]  m o t iv a te s  u s  to  p ro p o s e  th a t th e y  m ig h t b e  
re sp o n sib le  fo r  th e  o b s e r v e d  te m p e ra tu re  d e p e n d e n c e  o f  th e  
d eco h e ren ce  lim e .
5 . D is c u s s io n
The e le c tr ic a l  r e s is t a n c e  o f  q u a s i - I D  s y s te m s  is s e e n  to  be 
sensitive  to  th e  f r e q u e n c y  o f  in e la s t ic  s c a t te r in g  e v e n ts . N ew  
ex p e rim en ts  a re  n e e d e d  u n d e r  c o n tr o l le d  c o n d it io n s  o f  d is o rd e r  
and te m p e ra tu re  to  s tu d y  in  d e ta i l th e  ro le s  o f  in e la s tic  sc a tte r in g s  
from T S s  a n d  p h o n o n s  s e p a ra te ly  in  q u a s i-  ID  sy s te m s . T h is  
should g iv e  m o re  in s ig h t in to  th e  m ic ro sc o p ic  d e ta ils  o f  e le c tro n  
d iffusion  in  th e  b a c k d ro p  o f  lo c a l iz a t io n . F u rth e r, th e  ro le  o f  T S s  
in lim itin g  th e  p h a s e  in c o h e r e n c e  t im e  n e e d s  to  b e  in v e s tig a te d  
in deta il.
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